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0HWDO� VLOLFLGHV� DUH� LQGLVSHQVDEOH� PDWHULDOV�

IRU� DGYDQFHG� PLFURHOHFWURQLFV�� :H� KDYH�

UHFHQWO\�SURSRVHG�D�QHZ�URXWH�WR�IRUP�D�UREXVW�

WZR�GLPHQVLRQDO� ���'�� VLOLFLGH� >���@�� 8QOLNH�

FRQYHQWLRQDO� WKLQ� ILOP� VLOLFLGH� IRUPHG� E\�

GHSRVLWLQJ�PHWDO�RQ� WKH�VLOLFRQ�VXUIDFH��6L�ZDV�

GHSRVLWHG� RQ� D� FOHDQ� PHWDO� VXUIDFH� WR� IRUP�

VLOLFLGH��2XU�UHFHQW�VWXGLHV�VKRZ�WKDW�UREXVW���

'�VLOLFLGHV�DUH�IRUPHG�RQ�1L������DQG�1L������

VXUIDFHV� GXH� WR� WKH� ODUJH� GLIIXVLRQ� DV\PPHWU\�

EHWZHHQ�6L�LQ�EXON�PHWDO�DQG�PHWDOV�LQ�EXON�6L�

>���@��+RZHYHU�� WKH� ODFN�RI� WKHRUHWLFDO� VXSSRUW�

FOHDUO\� XQGHUPLQHV� WKH� VLJQLILFDQFH� RI� RXU�

UHVHDUFK�ILQGLQJV��

)LUVW�SULQFLSOHV� FDOFXODWLRQ� FRGH�9$63�ZDV�

DGRSWHG� WR� FRPSDUH� WKH� H[SHULPHQWDOO\�

REWDLQHG� ��'� DWRPLF� VWUXFWXUH�ZLWK� WKHRUHWLFDO�

VLPXODWLRQV�� $� W\SLFDO� VFDQQLQJ� WXQQHOLQJ�

PLFURVFRSH� �670�� LPDJH� RI� D� 6L�GHSRVLWHG�

1L������ VXUIDFH� LV� VKRZQ� LQ� )LJ�� �� >�@�� 7KH�

LQLWLDO� FOHDQ� VXUIDFH� ZDV� HVVHQWLDOO\� D� �î��

VWUXFWXUH��EXW�PDQ\�GDUN�VLWHV�ZHUH�IRUPHG�DIWHU�

6L� GHSRVLWLRQ�� 7KHVH� GDUN� VLWHV� DUH� QRW� GXH� WR�

VWUXFWXUDO�GHIHFWV��EXW�6L� UHSODFHG�E\�1L� LQ� WKH�

WRS�OD\HU��6LQFH�WKH�670�LPDJH�LV�UHIOHFWHG�E\�

WKH�VXUIDFH�ORFDO�GHQVLW\�RI�VWDWHV��/'26��QHDU�

()�� WKH� HPEHGGHG� 6L� UHGXFHV� WKH� WXQQHOLQJ�

FXUUHQW� ZLWKRXW� WKH� ODUJH� /'26� GXH� WR�1L� �G�

EDQGV�� PDNLQJ� LW� D� GDUN� VLWH�� 7KHUHIRUH�� WKH�

GLVFULPLQDWLRQ�EHWZHHQ� LQGLYLGXDO�6L�DQG�1L� LV�

IDLUO\� VWUDLJKWIRUZDUG�� EXW� WKH� UHODWLRQVKLS�

EHWZHHQ�6L�DQG�1L�LV�XQVROYHG��

7KHUHIRUH��WKH�ILUVW�SULQFLSOH�FDOFXODWLRQ�ZDV�

SHUIRUPHG� LQ� WKLV� V\VWHP�� 7KH� FDOFXODWLRQ�

SDUDPHWHUV� DUH� VKRZQ� LQ� 7DEOH� ��� %HIRUH�

SHUIRUPLQJ� VXUIDFH� VODE� FDOFXODWLRQV�� ZH�

HYDOXDWHG�WKH�JURXQG�VWDWH�HQHUJLHV�RI�1L�DQG�6L�

DWRPV�� DQG� EXON� 1L� DQG� 6L�� UHVSHFWLYHO\��

%HFDXVH� RI� WKH� VORZ� FRQYHUJHQFH� RI� VHOI�

FRQVLVWHQW� HOHFWURQLF� VWDWHV� LQ� WKH� VXUIDFH�

VWUXFWXUH��ZH�DGMXVWHG�WKH�PL[LQJ�SDUDPHWHUV�DV�

)LJ����7\SLFDO�670�LPDJH�IRU�D������0/�6L�GHSRVLWHG�
VXUIDFH��:KLWH�VTXDUH�FRUUHVSRQGV�WR�WKH��î��XQLW�FHOO��
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VKRZQ� LQ�7DEOH��� �VR�FDOOHG� OLQHDU�PL[LQJ�� VHH�

9$63�PDQXDO��� )LUVW�� DOO� DWRPV� H[FHSW� IRU� WKH�

PLGGOH�OD\HU�KDV�EHHQ�FRPSOHWHO\�UHOD[HG��7KHQ�

���� VXUIDFH� 1L� DWRPV� LQ� WKH� WRS� OD\HU� ZHUH�

UHSODFHG�E\�6L��DQG�WKH� WRS���OD\HUV�ZHUH�IXOO\�

RSWLPL]HG�� $� WRWDO� RI� ��� GLIIHUHQW� VXUIDFH�

FRQILJXUDWLRQV� ZHUH� HYDOXDWHG� IRU� ���� 0/� 6L�

FRYHUDJH��

,Q� RUGHU� WR� FRPSDUH� WKH� IRUPDWLRQ� HQHUJ\�

IRU� GLIIHUHQW� QXPEHUV� RI� VXUIDFH� VSHFLHV�� ZH�

HYDOXDWHG�FKHPLFDO�SRWHQWLDO�DV��

𝐸௧௢௧௔௟ = 𝐸௦௟௔௕ − 𝑛ே௜𝐸௕
ே௜ − 𝑛ௌ௜𝐸௕

ௌ௜���

ZKHUH�𝐸௦௟௔௕�LV�D�WRWDO�HQHUJ\�RI�D�SDUWLFXODU�VODE�

VWUXFWXUH��𝑛ே௜�DQG�𝑛ௌ௜�DUH� UHVSHFWLYHO\� QXPEHUV�

RI�1L�DQG�6L�DWRPV�LQ�WKH�VODE��DQG�𝐸௕
ே௜�DQG�𝐸௕

ௌ௜�

DUH� UHVSHFWLYHO\� EXON� FRKHVLYH� HQHUJLHV� IRU�1L�

DQG�6L��

$V�VKRZQ�LQ�)LJ�����WKH�UHODWLYH�HQHUJLHV�RI�

YDULRXV�FRQILJXUDWLRQV�UHIHUHQFHG�IURP�WKDW�IRU�

WKH�1L������VXUIDFH�DUH�SORWWHG�DV�D�IXQFWLRQ�RI�

6L�FRYHUDJH��1HJDWLYH�IRUPDWLRQ�HQHUJ\�PHDQV�

WKDW� HQHUJLHV� RI� 6L� HPEHGGHG� VWUXFWXUHV� DUH�

ORZHU� WKDQ� WKDW� RI� WKH� 1L������� 7KHUH� LV� D�

QHJDWLYH� VORSH� IRU� 6L� FRYHUDJH� IURP� �� WR� ����

0/�� LQGLFDWLQJ� WKDW� 6L� VXEVWLWXWLRQ� ZLWK� 1L� LV�

HQHUJHWLFDOO\� IDYRUDEOH�� 2Q� WKH� RWKHU� KDQG�� D�

SRVLWLYH�VORSH�DERYH�����0/�PHDQV�WKDW�6L�ZLOO�

EH�HMHFWHG�IURP�WKH�VWUXFWXUH��ZKLFK�LV�LQ�JRRG�

DJUHHPHQW�ZLWK�H[SHULPHQWDO�REVHUYDWLRQV��

,Q� FRQFOXVLRQ�� WKH� ILUVW�SULQFLSOHV� VWXG\� RI�

WZR�GLPHQVLRQDO�1L�VLOLFLGH�IRUPHG�RQ�1L�������

LV� LQ� JRRG� DJUHHPHQW� ZLWK� WKH� H[SHULPHQWDO�

UHVXOWV�� $V� D� IXWXUH� VWXG\�� WKH� GLVSODFHPHQW�

SURFHVV��VR�FDOOHG�GHSUHVVLYH�DGVRUSWLRQ��VKRXOG�

EH� UHYHDOHG� E\� PROHFXODU� G\QDPLFV�

VLPXODWLRQV��
*present address: Nagamori Institute of Actuators, 
Kyoto University of Advanced Science, 18 
Yamanouchi, Gotanda-Cho, Ukyo-Ku, Kyoto 615-
8577, Japan 
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)LJ�� �� 5HODWLYH� IRUPDWLRQ� HQHUJLHV� RI� 6L�HPEHGGHG�
1L������ VXUIDFHV� ZLWK� YDULRXV� FRQILJXUDWLRQV� RI� 6L�
FRYHUDJH� EHWZHHQ� ���� 0/�� ,QVHW�� 7KH� PRVW� VWDEOH�
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